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Abstract. From 1990 through 2000 the amount of
developed land in an eight-county region of Upstate South
Carolina grew from 222,745 acres to 576,336 acres.
Under current practices and policies the amount of
developed land is anticipated to grow to 1,523,667 acres
by the year 2030. Where that growth takes place can have
serious impacts and can affect the character of the region.
The Upstate contains an abundance of natural,
environmental, and cultural resources that could be at risk
from unmanaged growth.
The Strom Thurmond Institute has had previous success
modeling future growth of developed land for the area
around Charleston, South Carolina. For this study a
comparable model, with some improvements, was
developed to predict where the growth is most likely to
occur through the year 2030 for eight counties in the
Upstate region of South Carolina. A geographic
information system-based model was developed,
combining a binomial logistic regression approach with
expert information provided by informed participants from
throughout the region. A map created from the output of
the growth model shows what the pattern of developed
land for the study area might look like by the year 2030.
These results can give decision-makers better information
from which to implement good growth policy for the
future of the region.

INTRODUCTION AND BACKGROUND
Clemson University’s Strom Thurmond Institute
(STI) and the SC Water Resources Center (SCWRC) have
shown success in producing a model for urban growth
prediction. In a previous project, STI and SCWRC used a
geographic information systems (GIS) approach to model
and predict the spatial extent of future urban growth for
the Charleston Tri-County area (Berkeley, Charleston, and
Dorchester Counties) through the year 2030 (Allen & Lu,
2003). The prediction was based on the historical trends

found in a NASA-funded 1973-1994 satellite image
change detection study, assuming current policy
constraints. The objective was to provide a model to give
decision-makers better information from which to
implement good growth policy for the BCD area as well
as South Carolina.
For the current study a GIS-based growth model
comparable to that used for the Charleston Tri-County
project, with some improvements, was developed for the
Upstate region of South Carolina. The results of this
project should enable scientists and decision-makers to do
a better job of planning for the future of the region.
The growth model was developed for the eight
counties of the Upstate that make up the Saluda RiverReedy River Watershed:
Greenville, Spartanburg,
Pickens, Anderson, Laurens, Newberry, Abbeville, and
Greenwood. This large area contains a large variety of
landscapes and features, including mountains in the
northern portions, a chain of large lakes forming the
western border, several river systems traversing the
region, and the two major cities of Greenville and
Spartanburg. The region is crossed by several Interstate
highways, and just beyond the study area lie the major
metropolitan areas of Charlotte, NC to the northeast and
Atlanta, GA to the southwest.
The 8 counties of the study area cover 3,345,532
acres. The population for all 8 counties grew from
960,750 in 1990 (US Census, 1998) to 1,108,017 in 2000
(US Census, 2002), an increase of 15.33% in 10 years.
That population is forecast to grow to 1,472,270 by the
year 2030 (Office of Research and Statistics , 2003), an
increase of 32.87% over 30 years.
The modeling process used for this study does not
model or predict the future population. The population
forecast, along with a ratio of developed land growth to
population growth, determines, quantitatively, the final
amount of developed land area before any modeling is
performed. The GIS-based growth modeling allocates the
growth geographically, identifying where that growth is
most likely to occur.

METHODS
The Model: Overview
To perform the modeling of future growth of
developed land for this project, a GIS-based logistic
regression model developed previously by STI was used.
A prerequisite for the growth model is a pair of
quality data sets depicting the developed land for the study
area at two points in the past. This allows an analysis of
the change in developed land over a given historical time
period. Ideally, the second time point is as recent as
possible to serve as an accurate starting point for the
future modeling.
A set of input variable geographic data sets is
required. These data sets are geographic features that are
believed to have had some influence on the growth in
developed land observed between the two historic time
points.
Examples of input variables are Interstate
highways and other roads, the slope of the land, and
infrastructure services such as water lines and sewer lines.
These input feature data sets generally are converted into
raster data sets in which each cell in the raster represents
the distance to that feature. Cells with a greater distance
to a road, for example, might be less likely to develop than
those closer to a road.
Working with the two historic developed land data
sets and the input variables, the model uses binary logistic
regression to establish the correlation between each
variable and the observed change in developed land. The
result of the logistic regression analysis is used to generate
a future “probability grid,” using the most current
available versions of the input variables. The value of
each cell in the probability grid indicates the relative
likelihood of that cell becoming developed. Cells that are
already developed at the start are given a probability of
1.0. Cells that are to remain undeveloped, such as water,
wetlands, or protected lands, can be given a probability
value of 0.0. In between 0 and 1, cells with higher
probability values are more likely to develop than those
with lower probability values, or, temporally, they will
develop before those with lower values.
Once the probability grid is complete, the amount of
existing developed land, the future population forecast,
and the ratio of developed land growth to population
growth are used to calculate the desired developed land
area at some point in the future. (See Equation 2 below
under Procedure.) The GIS growth model then uses the
probability grid to select cells, starting with the highest
probabilities and working down, until the total area is
equal to the desired future area.

Data
Most of the input feature data sets are entered into
the logistic regression analysis as independent variables.
These are the variables that control or influence the
growth observed. Two of the data sets, protected lands
and wetlands, are not used in the logistic regression at all,
but are used to exclude future development in the growth
model.
In the first phase of the model the second of the two
developed land data sets (2000) represents the observed
growth, and thus is the dependent variable and the first
developed land data set (1990) is used as an independent
variable. In the second phase of the model, when the
future probability grid is generated, the second or most
recent developed land data set (2000) is used as an
independent variable, or input, just as the first set was
used in the first phase.
Land cover classification data sets created by STI for
1990 and 2000 (Allen, Sperry, et al., 2005) were chosen
for this project. Developed land grids were created from
the 1990 and 2000 STI data by extracting only the
developed land classes.
The amount of developed land for the 8 counties was
found to be 222,745 acres in 1990 and 576,336 acres in
2000.
Growth Ratios
One indication of the intensity of new development is
the ratio of the change in the amount of developed land to
the change in population.

Growth Ratio 
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.
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A 1:1 growth ratio would indicate that a population
increase of 10% would be accompanied by a 10% increase
in developed land. Any ratio greater than 1:1 indicates
that the per capita growth of new developed land exceeds
the per capita footprint of developed land to date.
Growth ratios in excess of 10:1 have been reported in
the U.S. in recent decades (Rusk, Blair, & Kelly, 1997).
For the Charleston Tri-County region of South Carolina
from 1973 to 1994 a growth ratio of 6.2:1 was found, and
a ratio of 5:1 was used for the future growth modeling
project conducted by STI and the SC Coastal
Conservation League.
The overall growth ratio for the Upstate 8-county
area of this study from 1990 to 2000 was 10.36:1. The
ratios for each county individually varied from this; some
being higher (as high as 16.9:1 for Spartanburg County)
and others being lower (as low as 7.3:1 for Laurens
County). A future growth ratio of 5:1 was chosen for this
modeling project. This was believed to be a conservative
figure that would produce believable results. As with the
historic county-to-county variation, if the future growth

ratio for the entire region was 5 to 1, it would not be
exactly 5.00 to 1 for each of the eight individual counties,
but would vary above and below 5:1.
Future Developed Land Area
The amount of future developed land area is entirely
determined by the existing developed land, the population
forecasts, and the future growth ratio chosen, according to
the following equation:
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where

P1  initial population,
P2  final population,
R  developed land growth / population growth ratio
,

A1  initial developed area , and
A2  final developed area .
This can be made clear by an example. Assume that
the current developed land is 1000 acres and a growth
ratio of 5:1 has been chosen. If the population is forecast
to increase by 10 percent, the growth ratio dictates that the
developed area will increase by 5 times that, or 50 percent.
Thus the developed land will increase by 500 acres and
the final area will be 1,500 acres.
Given the developed land area for the 8 counties for
the year 2000 of 576,336 acres and an overall growth ratio
of 5:1, the predicted developed land by the year 2030 is
1,523,667 acres.
The logistic regression model determines where the
new development is most likely to occur.
Logistic Regression Model
Several approaches were tested and evaluated before
selecting the methodology ultimately used for the logistic
regression portion of the growth model. The eight-county
study area is a very large region and there was concern
about modeling it as a single area. Given the diversity of
the region, some of the input variables vary widely not
only in their contribution to the probability of
development, but even in their existence. For example,
some of the counties have no Interstate highways within
their boundaries; some counties have lakes within or
adjacent to their boundaries while others do not.
Attempts were made at modeling development
regionally and modeling each county individually. After
testing both methods, a hybrid approach was developed.
The model was run once for the 8-county region with a

reduced set of input variables.
The amount of
development assigned to each county by a limited-variable
set, 8-county model was tabulated. These predicted
developed areas were then used as the target developed
areas for running the model once more for each county
individually. It is noted that this approach allowed the
growth ratio for individual counties to stray from the
nominal ratios derived from using a ratio of 5:1 for the
eight counties as a unit. It was determined that the goals
of eliminating discontinuities across county boundaries
and keeping local variables in the modeling process were
Equation
2
satisfactorily realized by this
approach.
Once the modeling for each county was complete,
the developed area grids for each time period were
extracted from the results. The output grids from the
individual counties were then mosaicked together to create
the modified logistic regression model predicted
developed areas for the full 8-county region for each of 6
years, 2005 – 2030.
The procedure was repeated for each growth ratio;
4:1, 3:1, 2:1, and 1:1.
A new input variable, referred to as percent available
land developed, was derived during the experimentation
process. This variable was a grid of the percent of
available land in 1990 that had become developed by
2000, by block group.
Expert Group Input
The final improvement to be made to the model was
the incorporation of input from Expert Group information.
Knowledgeable representatives from each of the counties
in the study area were invited to review the results of the
logistic regression model. Participants were encouraged
to provide feedback and criticisms of the future predicted
developed land maps presented, and then encouraged to
provide their own versions of how they anticipated their
county developing over the next 23 years.
The expert group maps were turned into expert group
probability grids containing decimal values between 1
(already developed) and 0 (not developed by 2030).
Combination of the expert group probability grid
with the logistic regression probability grid was achieved
using a standard weighted approach. If a 90% logistic
regression/10% expert group weighting is desired, for
example, the equation used is
(0.9 * Pl + 0.1 * Pe) = Pw, where
Pl = probability from logistic regression,
Pe = probability from expert group prediction, and
Pw = 90/10 weighted probability.
The weight given to each county’s Expert Group
input was determined individually based on the nature of
the data provided and the visual appearance of the
predicted developed land. Effort was made to reflect the

expert group input in the final result while avoiding an
artificial appearance.
Using the expert group data and weighting
combinations discussed above, a time-series future
developed land prediction was generated for each county
at each growth ratio from 5:1 to 1:1. The output grids for
each year were extracted from each county and mosaicked
together to create an 8-county future developed land
prediction for each of the 5-year intervals. This was
performed for each growth ratio, producing a total of 30
developed land grids.
Modeling Discussion
It was found that the results of the logistic regression
model are overwhelmingly controlled by a small subset of
the independent variables. Generally, the same variables
tended to be the most significant in both the 8-county
model and the individual county models, although the
order varied from county to county when ranked by their
correlation coefficients. In particular, the input variables
that consistently displayed the highest correlation were
distance to developed, slope, % available developed,
distance to incorporated boundaries, % available
developed, distance to streets, and distance to water lines
and sewer lines. Of course existing developed always
received the highest correlation coefficient because if a
cell was developed in 2000 it remained developed in
future years.
Development of the Upstate Growth Model involved
some trial-and-error experimentation and incorporated
some judgment decisions. As such, this modeling was
very much a hands-on process and probably does not lend
itself to being easily portable and generalizable for use by
operators without a thorough knowledge of how the model
works and familiarity with the region being modeled.
Emphasis is placed on the importance of input from
knowledgeable sources in the community, both in the
form of the expert information that can be provided
regarding their knowledge of future growth and in their
critical assessment of the model output as it is being
developed.

RESULTS AND DISCUSSION
The results from the model run at a 5:1 growth ratio
for the year 2030 are mapped in the figure.

Developed areas for the full eight-county study area,
predicted by the final version of the growth model, for
2030 are 1,522,891 acres and 765,739 acres at growth
ratios of 5:1 and 1:1, respectively.
At the higher growth ratios, in several counties most
of the land that is not protected will be consumed by 2030.
The Upstate Growth Model can be used not only to
determine where growth is likely to occur, but also what
natural and economic resources might be at risk from
urbanization. Under current momentum, the Upstate is at
risk of losing many acres of crop land, pasture, forest, and
open land.
Lower growth ratios do not mean less economic
development. Rather, lower growth ratios reflect a more
compact, livable, well-planned pattern of development,
benefiting the entire community. Planners, resource
managers, and citizens can use this information to
question whether these maps depict the future they want
for their communities, and to make the best possible
decisions in planning for future growth.
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Figure: 2030 developed land as predicted by hybridized growth model, 5:1 growth ratio.

